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This communication describes some basic principles of radiation that are relevant for understanding its use in vascular
brachytherapy. It describes various characteristics of -rays and -particles, including their interaction with matter such
as tissues. It also explains different terms and concepts such as radioactivity, half-life, absorbed dose, range which would
help the brachytherapy practitioners appreciate the physics aspects of the therapy. (J Vasc Surg 2005;42:1237–8.)Ionizing radiation can modify physical, chemical, and
biological properties of materials. This capability has been
very successfully used in industry as well as in medical fields.
At present, the principal industrial applications of radiation
are for sterilization of health care products (including phar-
maceuticals), irradiation of food and agricultural products
(for various end objectives, such as decontamination, shelf-
life extension, sprout inhibition, pest control, and steriliza-
tion), and materials modification (such as polymer cross-
linking). In the medical field, two main areas are diagnosis
and therapy. The Table shows different levels of radiation
doses that are relevant to these major applications.
Gamma radiation has been used for therapy applica-
tions ever since Johns et al1 designed the first unit for
radiation therapy in 1951. This type of radiation is part of
the electromagnetic radiation spectrum and is located near
the high-energy end along with x-rays. As the energy
decreases (or the wavelength increases), other parts of the
spectrum are UV rays, visible light, infrared, microwaves,
and radiowaves. Energy associated with -radiation (for
example, -rays emitted by cobalt 60) is high enough to
break the molecular bonds and ionize atoms, but not high
enough to affect the structure of the atomic nucleus (avoid-
ing induction of radioactivity). Thus, -radiationmaymod-
ify the chemical, physical, or biological properties of the
irradiated material, but the irradiated material does not
become radioactive. Radiation with such high energy is
referred to as ionizing radiation. Ionizing radiation also
includes x-rays (100 keV) and high-energy electrons
(100 keV).
A significant impetus was given to these radiation ap-
plications by the advent of nuclear reactors and high-energy
accelerators with the capability of producing radioisotopes.
Gamma-ray emitters such as cobalt 60 became popular
radiation sources for medical and industrial applications.
Now there are many more types of radiation sources suit-
Competition of interest: none.
Dr. Kishor Mehta’s present address is Bruenner Strasse 133-3-29, Vienna
A-1210, Austria.
0741-5214/$30.00
Copyright © 2005 by The Society for Vascular Surgery.
doi:10.1016/j.jvs.2005.08.022able for applications in therapy and diagnosis. This article
discusses some of the characteristics of radiation and the
basic principles of its interaction with matter, such as bio-
logical tissues.
RADIATION SOURCES
Radioisotopes. A radioisotope is an atom with an
unstable nucleus. In most cases, an unstable nucleus has a
natural tendency to reach stability by rearranging itself by
emitting either a -particle or an -particle. However, in
some cases, the rearrangement is through the absorption of
one of the orbital electrons by the nucleus (electron cap-
ture) followed by the emission of characteristic x-rays. This
property of a radioisotope is generally known as radioactiv-
ity (or simply activity). During this process, the atom is
changed into a stable isotope of another element; eg, the
radioisotope iodine 125 changes into a stable isotope tel-
lurium 125.
Frequently the resulting nucleus is formed in an excited
state whereby it loses some energy to reach its stable
(ground) state. In this process, either -rays or orbital
electrons (internal conversion) followed by characteristic
x-rays are emitted. Gamma rays and x-rays are both electro-
magnetic radiation (photons) and behave identically; the
only difference is in their origin. Gamma rays originate
from the nucleus, whereas x-rays originate in the outer shell
of atoms (outside the nucleus). This entire process is known
as radioactive disintegration or radioactive decay.
The measure of radioactivity of a radioisotope is the
number of disintegrations that occur within the source
material per unit time, and thus the unit of radioactivity is
1 Bq 1 disintegration per second 1 s1
However, this is a very small unit for the radioactive
sources that are generally in use. Thus, more commonly
radioactivity is measured in curie (Ci), such that
1 Ci 3.7 1010 Bq
Also, 1 Ci is the activity associated with 1 g of radium 226.
As the nuclei of a radiation source disintegrate, there
are fewer of them; thus, the activity of the source decreases
with time by following an exponential formula. The rate of
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This value is unique to each radioisotope and can vary from
a fraction of a second to millions of years. The half-life of a
radioisotope is the time interval during which its activity
reduces to half its original value. For example, iridium 192
(192Ir) has a half-life of 73.8 days. Thus, if, on a certain day,
a source has 1 Ci of activity, after 73.8 days it has reduced to
0.5 Ci, after another 73.8 days it is 0.25 Ci, and so on. At
this rate, it would take an infinite time for the activity of a
radiation source to become zero. However, after some
time, the activity becomes so low that the source may be
regarded as a nonradioactive material.
Isotopic sources. Radiation sources used for brachy-
therapy may be divided mainly into two classes: -emitters
and -emitters. Commonly used -emitters are iridium 192
(it also emits-particles but of low energy), iodine 125 (no-
particles, only photons), and palladium 103 (no -particles,
only photons). Commonly used -emitters are xenon 133,
phosphorus 32 (32P), rhenium 188, yttrium 90, and rho-
dium 106. Except 32P, all other sources also emit low-
energy -rays. Thus, 32P is a pure -emitter. Radioactive
decay schemes and other properties of the -emitters may be
found i n work by Jani.2 The properties of the -emitters are
listed in a report by the International Atomic Energy Agen-
cy.3 This report also describes guidelines for dosimetry
laboratories and hospitals for calibrating the radiation
sources used in brachytherapy.
INTERACTION WITH MATTER
The radiation (such as -particles, -rays, and x-rays)
emitted by a radioisotope is isotropic; ie, it goes in all
direction. As radiation travels through matter, it interacts
with it, and energy is transferred from radiation to matter.
The mechanism of interaction and energy transfer is quite
different for photons and electrons because of the differ-
ences in their characteristics; an electron has charge and
mass, whereas a photon has no charge and zero mass. For
example, for a broad-beam geometry, a 1-MeV electron
would lose all of its energy in approximately 4 mm of water,
and thus it has a finite range. Conversely, a 1-MeV photon
would lose less than 2% of its energy going through 4 mm
of water; it requires approximately 22 cm of water to absorb
half of the photon energy. Photons (-rays and x-rays) have
in essence an infinite range because their interaction with
matter follows an exponential law. This has two principal
Table. Major radiation applications and related
dose ranges
Application Dose range
Medical: diagnosis 10-100 mGy
Medical: therapy 1-20 Gy
Industrial: food and agriculture 0.1-10 kGy or more
Industrial: sterilization 10-30 kGy
Industrial: materials modification 50-100 kGy or moreeffects in brachytherapy: radiation from a -emitter wouldreach other (nontargeted) tissues, and it would require
more shielding to protect personnel.
Only a fraction of the radiation energy that reaches the
tissue is absorbed by it; the amount depends on its mass and
composition, the type of radiation, and the time of expo-
sure. The absorbed dose is the measure of this absorbed
radiation energy and is defined as the radiation energy (in
joules) absorbed by the unit mass (in kilograms) of the
tissue; it is measured in units of gray.4 Thus, 1 Gy  1 J/kg
of the matter under consideration, such as tissue. Gray is
directly related to a more familiar unit of absorbed dose,
rad: 1 Gy  100 rad.
Because the range of electrons is very short—ie, elec-
trons lose their energy rapidly with distance—the dose
gradient is steep. Conversely, the dose gradient is much less
for photons (-rays or x-rays). A high dose gradient for
electrons means that they can transfer their entire energy to
the tissue near the source, especially in situations where the
source can be located in close proximity to the vessel wall.
Thus, electrons (-particles) have a high potential for vas-
cular brachytherapy.
In practice, dose distribution around a brachytherapy
source depends on many parameters—mainly the type of
radiation (electrons or photons), the size, shape, and con-
struction of the source, and the distance from the vessel wall
and other tissues. Jani2 has dealt with this subject in more
detail.
IN BRIEF. . .
Radioactivity
● Is a characteristic of a radiation source, such as 192Ir.
● Defines the strength of a source, ie, the number of
-particles or -rays emitted per unit time.
● Decreases with time, depending on the half-life, which
is unique to each source.
● Is measured in units of becquerel or curie.
Absorbed dose
● Is the amount of energy absorbed in a unit mass of
material (such as tissue).
● Varies with distance from the source, depending on
the surrounding materials and the type of radiation.
● Is measured in units of gray.
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